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Abstract
The food chain contributes to a substantial part of greenhouse gas (GHG) emissions and growing evidence
points to the urgent need to reduce GHGs emissions worldwide. Among suggestions were proposals to alter
food consumption patterns by replacing animal foods with more plant-based foods. However, the nutritional
dimensions of changing consumption patterns to lower GHG emissions still remains relatively unexplored.
This study is the first to estimate the composite nutrient density, expressed as percentage of Nordic Nutrition
Recommendations (NNR) for 21 essential nutrients, in relation to cost in GHG emissions of the production
from a life cycle perspective, expressed in grams of CO2-equivalents, using an index called the Nutrient
Density to Climate Impact (NDCI) index. The NDCI index was calculated for milk, soft drink, orange juice,
beer, wine, bottled carbonated water, soy drink, and oat drink. Due to low-nutrient density, the NDCI index
was 0 for carbonated water, soft drink, and beer and below 0.1 for red wine and oat drink. The NDCI index
was similar for orange juice (0.28) and soy drink (0.25). Due to a very high-nutrient density, the NDCI
index for milk was substantially higher (0.54) than for the other beverages. Future discussion on how changes
in food consumption patterns might help avert climate change need to take both GHG emission and nutrient
density of foods and beverages into account.
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C
limate change has gained political importance
over the last few years. Accumulated scientific
evidence indicates that the climate situation is, in
fact, alarming and reductions in greenhouse gas (GHG)
emission are urgent (1).
For an average citizen of Sweden, annual food
consumption contributes about 25% of the total GHG
emissions (2). In the European Union about 31% of total
GHG emissions are estimated to come from the food
chain (3). Discussions on how to reduce food-related
GHG emissions have focused both on modifying the
food production and supply chain and on modifying
demand through significant changes in food consumption
patterns. Such discussions have taken place in the UK
and in Switzerland (4, 5), within the United Nations
Food and Agricultural Organization (FAO) (6) and
among other international agencies such as the United
Nations Environmental Programme (UNEP) (7). In
Sweden, the National Food Administration has aligned
nutrition recommendations with environmental concerns
(8), and further actions to reduce climate effects are
demanded within public health nutrition (9).
Life cycle assessment (LCA) is a common methodol-
ogy to assess the environmental impact of food products,
covering the entire ‘cradle-to-grave’ perspective (1014).
The key dimensions are production, manufacturing,
transportation, and packaging. On a per kilogram basis,
the production of vegetables generally emits less GHG
emissions than does the production of meat and dairy
products (15). Policy measures that will lead to radical
reductions in the consumption of food of animal origin
have been proposed as a means to reduce global GHG
emissions (1618).
While discussing the climate impact of food, it is
crucial to consider the nutritional value of alternative
food choices. It is therefore important to use a functional
unit that is relevant from both a nutritional and an
environmental perspective. In comparing the cost in
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some past studies have taken only a narrow range of
nutrients into account. Such comparisons were based on
dietary energy and selected macronutrients such as
protein and fat (14, 17). However, those studies neither
did evaluate protein quality or bioavailability nor did
they take into consideration the broad range of vitamins
and minerals provided by the different foods. To our
knowledge, very few studies have related GHG emissions
to the full nutrient contribution of different animal and
plant foods.
The technique of nutrient profiling, adopted by leading
regulatory agencies worldwide (19, 20) is one approach to
calculating the full nutrient content of foods. Nutrient
profile models provide a single measure of the overall
nutritional quality of individual food items, whole meals,
or total diets, based on a broad range of macronutrients,
vitamins, and minerals (21, 22). The intent is to
distinguish foods and beverages that are energy dense
from those that are nutrient rich (21). The concept of
nutrient density has been applied to the study of
associations between diets and health (23), food choices
in relation to costs (24), and for the creation of front-of-
pack symbols and other logos to help consumers select
healthy foods at point of sale (21, 23).
Nutrient profiling of foods has never before been
applied to the study of GHG emissions in relation to
climate change. In this article, we explore whether
nutrient densities of beverages can mitigate or offset
their cost in GHG emissions. We do this by estimating,
in a life cycle perspective, the GHG emissions resulting
from the production of milk, a soft drink, orange juice,
beer, wine, bottled carbonated water, soy drink, and oat
drink. Tap water, milk, soft drink, orange juice, beer,
wine, and bottled carbonated water are most frequently
consumed with meal beverages in Sweden. Beverages
based on soy and oat have been suggested as vegetable
alternatives to milk, and were therefore also included
(25). The nutrient density of the beverages was based on
calculations including protein, carbohydrates, fat and
18 vitamins, and minerals. The profiling model reflected
the proportion of daily nutrient requirements and the
contribution of each nutrient to the Swedish diet. The
nutrient density of each beverage was then combined
with the GHG emissions to create the novel Nutrient
Density to Climate Impact (NDCI) index. Beverages
with the highest NDCI index values were those with the
highest nutrient density scores in relation to the GHG
emissions. Although the report is based on Swedish
perspectives concerning the nutrient recommendations
and guidelines and GHG emissions, the principle that
nutrient density of beverages and foods be considered in
the context of climate change is equally applicable
worldwide.
Materials and methods
Beverages
Other than tap water, beverages that are most frequently
consumed with meals in Sweden are milk, soft drinks,
juices and fruit drinks, beer (2.253.5 vol.% alcohol),
wine, and bottled carbonated water (25, 26). The climate
impact of tap water in Sweden is minimal, so the
present calculations were based on the remaining
beverages. Soy and oat drinks were also included.
From a climate perspective, foods of vegetable origin
have been suggested as preferable to foods of animal
origin (27).
Nutrient composition of beverages
The nutrients included in the present study were the ones
specified by the Nordic Nutrition Recommendations
(NNR) (28) and that also were included in the food
database of the Swedish National Food Administration
(29). These nutrients were protein, carbohydrates, fat,
retinol equivalents, vitamin D, vitamin E, thiamin,
riboflavin, ascorbic acid, niacin equivalents, vitamin B6,
vitamin B12, folate, phosphorus, iron, potassium, cal-
cium, magnesium, selenium, zinc, and iodine.
The nutrient contents of the included food items were
calculated by using the food database of the National
Food Administration (Table 1) (29). The nutrition
reference values were based on the 4th edition of
the NNR (2004) for fertile sedentary women aged 30
60years (Table 1) (28).
Data on unfortified products were used in order to
minimize error and to enhance generalizability. A number
of beverages on the market contain added vitamins and
minerals, e.g. fortified milk, soy drink, oat drink, orange
juice, and carbonated water. Whereas there is no legisla-
tive requirement on fortification of most beverages,
Swedish legislation calls for vitamin D fortification of
low-fat milk. Vitamin D3 (cholecalciferol) is the form
used in fortification of Swedish milk. Moreover, there are
uncertainties as to the impact of fortification on climate
change. The present calculations were therefore based on
unfortified products, and on the most frequently con-
sumed form of each beverage in the case of milk semi-
skimmed milk (1.5%). The impact of the fortification on
the NDCI index is explained the Discussion section.
Climate impact of beverages
The total climate impact of the mix of GHGs emitted
in the production of the beverages in this study, i.e.
carbon dioxide, methane, and nitrous oxide, was
calculated by using an index for each gas. This index,
global warming potential (GWP100), measured the
radiative forcing of a unit mass of a given GHG in
the atmosphere in a 100-year perspective. The GWP100
of carbon dioxide was 1, methane 25, and nitrous oxide
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the International Convention on Climate Change (30).
The climate impact of the beverages was expressed in
the unit grams of carbon equivalents (CO2e) per 100
grams of beverage (Table 2). This is a common way
of handling the combined climate impact of food
production (15, 17).
The GHG emissions included in this analysis were
generated by the following production phases in the life
cycle of the beverages:
The production phase at farm level includes emissions
related to the crop production including the production
of fertilizers and other inputs, feed digestion of the dairy
cows and manure storage, fossil fuel usage, and electricity
Table 1. Nordic Nutrition Recommendations (NNR), and the nutritional content in of 100 g product (29)
NNR
a Milk Soft drink Orange juice
Beer (3.5 vol. %
alcohol)
Red wine (12
vol. % alcohol)
Mineral
water Soy drink Oat drink
Energy (kJ [kcal])  199 (48) 179 (43) 200 (48) 166 (40) 301 (72) 0 (0) 253 (60) 183 (44)
Protein (g) 71.5 3.5 0 0.7 0.4 0 0 2.5 1.1
Carbohydrates (g) 262 5 10.5 10.6 4.6 0.8 0 9.1 5.8
Fat (g) 65.7 1.5 0 0.2 0 0 0 1.5 1.6
Retinol equivalents (mg) 700 26 0 10 0 0 0 2 0
Vitamin D (mg) 7.5 0.38 0 0 0 0 0 0 0
Vitamin E (mg) 8 0.04 0 0.24 0 0 0 0.03 0.08
Thiamin (mg) 1.1 0.04 0 0.09 0 0 0 0.04 0.05
Riboflavin (mg) 1.3 0.15 0 0.03 0.02 0.02 0 0.02 0
Vitamin C (mg) 75 0 0 50 0 0 0 0 0
Niacin equivalents (mg) 15 0.9 0 0.5 0.4 0.1 0 0.5 0.3
Vitamin B6 (mg) 1.2 0.04 0 0.04 0.03 0.02 0 0.05 0
Vitamin B12 (mg) 2 0.42 0 0 0 0 0 0 0
Folate (mg) 400 6 0 30 0 0 0 28 1
Phosphorus (mg) 600 93 12 17 22 15 0 39 30
Iron (mg) 15 0.04 0.03 0.2 0 1.1 0 0.4 0.5
Potassium (mg) 3,100 165 1 200 26 110 11 60 50
Calcium (mg) 800 117 3 11 4 7 2 19 5
Magnesium (mg) 280 12 1 11 10 12 1 17 3
Selenium (mg) 40 1.8 0 0.2 0 0.1 0 0.5 1
Zinc (mg) 7 0.45 0.01 0.1 0 0.1 0.06 0.2 0.3
Iodine (mg) 150 14  1  0 
aRecommendations for sedentary, fertile women 3060 years (28).
Note: NNR, Nordic Nutrition Recommendations.
Table 2. Nutrient density, in relation to climate impact
Food item Percentage of NNR in 100 g product Number of nutrients]5% of NNR Nutrient density GHG emission NDCI index
Milk 126 9 53.8 99 0.54
Soft drink 7 0 0 109 0
Orange juice 90 4 17.2 61 0.28
Beer 18 0 0 101 0
Red wine 24 1 1.2 204 0.01
Mineral water 2 0 0 10 0
Soy drink 53 3 7.6 30 0.25
Oat drink 32 1 1.5 21 0.07
Note: NNR, Nordic Nutrition Recommendations; NDCI index, Nutrient Density to Climate Impact index (NDCInutrient density / GHG emission);
GHG emission, greenhouse gas emission (grams of CO2 equivalents per 100 g of product). Nutrient densityPercentage of NNR in 100 g of product
Number of nutrients]5% of NNR/21.
Nutrient density to climate impact (NDCI index) of beverages
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included.
The manufacturing phase includes emissions related to
energy use, the use of cooling agents, chemicals, etc. in
the industrial processes related to the manufacturing of
the beverages studied. The climate impacts from added
vitamins were not quantified in any of the beverage
LCA-studies, indicating lack of data on emissions from
the manufacturing of these components. The climate
impact of these additives may or may not be significant
and ought to be explored in future studies.
The packaging phase includes emissions related to the
manufacturing of the paperboard cartons used for milk,
orange juice, oat and soy beverages, as well as of glass
bottles used for beer, wine, soft drinks, and bottled
carbonated water.
Transportation includes emissions from the transport
of crops to the drink manufacturing plants, milk to the
dairy, and transports of the packed products to the
retailer.
GHG emissions from the consumer phase, including
transportation of the beverage from the retailer, storage
at home and waste were not included in this study.
Neither was GHG emission from the end-of-life of the
products included, i.e. from the waste handling of the
beverages and the packaging. Changes in soil carbon
storage, from cultivation, were not included in the
calculations. Carbon sequestration, i.e. the binding of
carbon in organic matter in the soil, can be substantial
and could reduce the total GHG emissions related to
agricultural products (31).
Milk
GHG emissions data for milk were based on a LCA-
study of Swedish milk production (32). The data on
GHG emissions at farm level have been confirmed in
other detailed life cycle analyses of Swedish milk
production (33, 34). The GHG emissions from Swedish
milk production was very similar to that of other
countries, but was in the lower range (35).
Soft drinks
GHG emissions data from a soft drink were based on
Coca Cola in a 330 ml recyclable glass bottle (36). The
package size and material is common when soft drinks
are consumed as a meal beverage in Sweden.
Orange juice
GHG emissions for orange juice were based on juice from
a concentrate, sold in Sweden, using a LCA-perspective
(37). This study showed that the climate impact of ‘fresh’
orange juice, i.e. not made from concentrate, was almost
three times as high as for orange juice made from
concentrate.
Beer and red wine
Emissions for beer and red wine were based on a
LCA-analysis of alcohol consumption in the UK, using
a top-down approach (38). The beer GHG emissions of
the UK top-down study were compared to a more
detailed LCA-analysis of an American beer (39), and
found similar but slightly lower.
Bottled carbonated water
Emissions data for bottled carbonated water were pro-
vided by a Swedish study (40). The bottled carbonated
water was packed in a 330 ml recyclable glass bottle,
reflecting a common package sizes for bottled carbonated
water used as a meal beverage in Sweden.
Soy drink
Emissions data for soy drink were based on two
unpublished articles: one from Swedish LCA study where
one of the main producers of soy drink in Sweden was
used as a reference producer (GHG emission of 33 g
CO2e per 100 g of product), and other from study
presented by the same company in the UK (27 g CO2e
per 100 g of product) (4143). A mean value of the two
studies was used in the calculations (30 g CO2e per 100 g
of product).
Oat drink
Emissions data for oat drink were based on the LCA-
study of a Swedish brand, commonly available in Swedish
retailers (44).
There are a number of brands of soy and oat drinks,
and different varieties within each brand. Comprehensive
composition data on the different products are difficult to
find. In the present study, we included products present in
the Swedish National Food Administrations food data-
base, which had high quality and large number of
nutrients included in, and is publicly available.
Calculation of nutrient density in relation to greenhouse gas
(GHG) emission
Calculations of nutrient density are based on a model
described by Drewnowski (21). Twenty-one nutrients
were included (Table 1), which were the ones both
specified in the NNR (28) and included in the National
Food Administration’s food database (29). The recom-
mended intake of nutrients is based on the NNR for
fertile sedentary women aged 3060 years (28). Nutrient
density of a food item was calculated by summarizing the
proportions of recommended daily intake of each nu-
trient provided by 100 g of the food item multiplied by
the proportion of nutrients contributing to more than 5%
of NNR. The cut-off for significant contribution was set
slightly lower than the Codex Alimentarius Commission
health claim definition liquid foods as source of nutrients
for 7.5% of recommended intake of a nutrient (45).
Annika Smedman et al.
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The Nutrient to Climate Impact (NDCI) index is
Nutrient Density divided by the CO2e for 100 g of the
food item.
Results and discussion
Nutrient density in relation to greenhouse gas (GHG)
emission
The NDCI index for milk was substantially higher than
for the other beverages studied (Table 2). This can be
explained by avery high nutrient density value, both with
regard to the number of nutrients and their amount
relative to recommendations. Orange juice and soy
beverage had similar NDCI index values, but lower
than milk (Table 2). The nutrient density of orange juice
was higher than that of soy drink, but the GHG
emissions were also higher, resulting in a similar index
value. Despite low GHG emissions, the NDCI index for
oat beverage was very low, reflecting low amounts of
many nutrients relative to recommendations. Although
many of the beverages studied contained a broad range of
nutrients, the amounts present contributed less than 5%
to dietary recommendations.
The present calculations of the NCDI index were based
on semi-skimmed milk (1.5% fat). According to Swedish
legislation, low-fat milk (1.5% fat or less) has to be
fortified with vitamin D up to 0.38mg/100g. Vitamin D3
(cholecacliferol) is the form of vitamin D used in Swedish
milk. In order to investigate how this fortification affects
the NDCI index, we calculated a NDCI index for semi-
skimmed milk with a theoretical vitamin D concentration
equal to the concentration of unfortified milk (0.02 mg/
100 g). The NDCI index for theoretically unfortified
semi-skimmed milk would be 0.46 (data not shown),
which is rather close to the NDCI index for fortified
semi-skimmed milk (0.54, Table 2).
The NDCI index included macronutrients, in line with
other nutrient density models (21, 24). One reason why
the present calculations were based on beverage weight as
opposed to energy density (21, 24) is that the GHG
emissions are based on weight, as opposed to calories. On
the other hand, the daily dietary recommendations are
typically based on 2,000 kcal diet. Thus, by calculating
the percent of dietary recommendations for each nutrient,
energy of foods was included in the model to some extent.
What is important is that similar calculations were
applied to each beverage in turn.
In the NDCI model, 5% was used as a cut-off level for
nutrients with a significant contribution, which is slightly
lower than the Codex Alimentarius Commission level of
7.5%. The lower cut-off was chosen in order to make the
index more applicable. A 7.5% cut-off gave the all
beverages except milk and orange juice a NDCI index
of 0 (data not shown).
The choice of meal beverage
The beverage is often part of a meal. Since the nutritional
content of beverages can differ significantly, the choice of
beverage affects the composition of the total meal. Since
beverages in general are less satiating than solid foods,
the provision of energy containing beverages with meals
may increase overall energy intake, potentially leading to
weight gain (46). In individuals where positive energy
balance is important to avoid, water or more satiating
high-protein beverages are preferable [43]. In groups of
individuals, such as elderly and children, nutrient dense
drinks are preferable. Wine and beer has according to the
present investigation low NDCI indexes, contributing
with few nutrients to comparatively high GHG emissions,
and have primarily a gastronomic role of the meal. The
increasing consumption of sweetened caloric beverages
has been linked to weight gain among adolescents and
adults (4648). However, continuing studies on long-term
consumption and health outcomes are still needed (49).
Sweetened beverages provide dietary energy but few
nutrients and have a measurable climate impact. The
present NDCI index provides a way to reconcile environ-
mental concerns with nutritional recommendations and
guidelines (8).
The Swedish National Food Administration recom-
mends a daily intake of 500 g of low-fat (1.5% fat or less)
milk or corresponding products (50), and an even higher
recommendation is found in the USA. (51). The Swedish
recommendation concerning milk intake remains after
taking into account the effects on the environment of the
recommended levels of food consumption (8).
Nutrient content and quality
Previous studies have investigated total protein content of
foods and meals in relation to GWP (5, 14, 17, 52).
Millward and Garnett (52) go one step further and report
on single nutrients of different protein sources, discussing
the importance of taking this aspect into account when
suggesting food choices with lower climate impact.
However, we have not found any references where
calculations of the comprised estimate of the nutrient
content or nutrient density in combination with climate
impact. The NDCI index approach takes both nutrient
density and climate impact into account in a single index
that makes it possible to compare food items.
Nutrient density to climate impact (NDCI index) of beverages
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with the highest NDCI indexes, milk, orange juice, and
soy drink. Cow’s milk and soy drink contained similar
amounts of protein, substantially higher than orange
juice (Table 1) (29). However, the protein quality must
also be taken into consideration. Milk proteins had a
more favorable amino acid composition than soy proteins
(8, 53).
Orange juice and soy drink had substantially higher
amounts of carbohydrates than milk. The carbohydrate
content of milk was mainly represented by lactose,
whereas orange juice contains fructose and soy drink
mainly contains starch and disaccharides, of which the
majority in soy drink is added sugars (29).
The fat content of the milk and soy drink in this study
were the same. Although the fatty acid compositions
differed, neither of these beverages with approximately
1.5 and 1.6% fat, respectively, could be considered as
significant sources of fat in the diet.
Policy relevance
Nutrient density calculations have previously been used
in combination with several research areas, as mention-
ed previously (2123). In the present study, we combined
nutrient density in relation to nutrient recommendations
and climate impact. The concept of combining the
disciplines nutrition and climate research is entirely novel,
and the present study is the first of this kind. There is
clearly a need to reconcile environmental and climate
concerns with the nutrient density of the diet, using such
indices as the NDCI. With increasing frequency, persons
and institutions draw conclusions on dietary recommen-
dations from a climate perspective without a comprehen-
sive analysis of nutritional relevance. The NDCI is a
comprehensive tool that makes it easier to consider the
nutritional aspect of the climate debate.
Nutrition recommendations and dietary guidelines
A sustainable diet cannot be formulated based only on
one or a few aspects but requires taking the complexity of
many nutrients into consideration. Particular attention
needs to be paid to sources of nutrients for which the
recommended amounts of daily intake are difficult to
obtain (52). Further, nutrition recommendations must
not only fulfil public health goals, but also economic
aspects and sustainable development of society. Tools
such as the NDCI index are essential to addressing such
issues.
Consumption changes in order to decrease climate effects
Changes in consumption patterns are expected to have a
significant impact on GHG emissions and have been
proposed as a mitigation strategy to reduce climate
change globally, e.g. by FAO (6) and UNEP (7). However,
we propose that caution must be taken when suggesting
changes in food consumption patterns as a means to
reduce GHG emissions. Using a functional unit involving
only GWP per kilogram of a food item may lead to the
conclusion that vegetable alternatives are always better
than those of animal origin.
To our knowledge, the nutrient density has not been
taken explicitly into account previously when discussing
climate impact of food choices. GHG emissions have not
been explicitly studied when making nutrition recom-
mendations. It is thus important to use both knowledge
in nutrition and climate to avoid simplistic and erroneous
conclusions for food recommendations and dietaryguide-
lines to mitigate climate change.
Uncertainties
LCA studies of food commonly contain uncertainties
in the range 92030% are common (54). This can be
explained by large natural variations in GHG emissions
from biological systems, such as fields and cows, as well
as uncertainties related to model calculations of complex
biological and technical systems. In this study, we have no
reason to believe that the results from the LCA studies
differ in this respect. However, the uncertainties should
be taken into account when discussing the results from
this study, as well as from other LCA-based studies
concerning food and climate impact. Still, results from
food item LCA’s are useful for comparisons and also for
identification of improvement potentials within the
production chain (15).
Even if the NDCI index expands the discussion on
nutrition and climate impact, it does not encompass the
full nutritional spectrum, e.g. the important aspect of
macronutrient quality. Nor does it include the important
aspect of bioavailability. Although inclusion of these
aspects would be interesting, it would make demand a
rather complex model.
Future studies
In order to contribute to discussions on sustainable diets,
the contribution in terms of both nutrients and GHG
emissions of a particular food item, such as a meal
beverage, should be put in relation to other meal
components, as well as to the components of the
total diet. The NDCI index can be used to further
explore different dietary settings. The figures we use are
of the currently best available quality. However, both
nutrition and climate research are rapidly developing and
more complete data on nutrient composition of food
items and more refined LCA-analyses will surely be
undertaken. In particular, GHG emissions of fortified
drinks will probably be available, enabling comparisons in
the future between more nutrient dense beverages.
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In the present study, we conclude that milk both has the
highest nutrient density per se, and has the highest
nutrient density in relation to GHG emissions of the
compared beverages. We also conclude that the NDCI
index is a tool that facilitates inclusion of a nutritional
aspect of the climate debate. Hitherto the nutritional
dimensions of how to change food consumption patterns
in order to decrease the climate impact have been
limited.
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